The relation between foliage complexity and bird species diversity has been studied by several investigators. Some (MacArthur and  MacArthur The precise location of these refugia, their minimum size, and the time span involved between climatic changes are not known. Unfortunately, this information is vital to our interpretation of present ecological data. If, for instance, the time span between the present and the last isolation of the refugia has been relatively long, then one could safely assume that the bird communities throughout the Amazon are at equilibrium. Differences in the bird community observed from site to site could then be attributed largely to local differences in physical factors such as weather and foliage structure. If, on the other hand, the time span between the present and the last isolation of the refugia has been relatively short, then differences in bird communities at different sites could be the result of non-equilibrium and non-saturation.
The precise location of these refugia, their minimum size, and the time span involved between climatic changes are not known. Unfortunately, this information is vital to our interpretation of present ecological data. If, for instance, the time span between the present and the last isolation of the refugia has been relatively long, then one could safely assume that the bird communities throughout the Amazon are at equilibrium. Differences in the bird community observed from site to site could then be attributed largely to local differences in physical factors such as weather and foliage structure. If, on the other hand, the time span between the present and the last isolation of the refugia has been relatively short, then differences in bird communities at different sites could be the result of non-equilibrium and non-saturation.
To disentangle the roles of historical influences and equilibrium assumptions, I have made a series of predictions on the basis of different postulates concerning the time continuous forest has existed in the Amazon Basin. First, assuming equilibrium, i.e., a long time span since the last isolation of the refugia, I predict the following:
1. Similar foliage structure at different sites will be found to support similar numbers of bird species (MacArthur and MacArthur 1961) .
2. Similarly structured sites with larger numbers of non-avian potential competitors will be found to have fewer bird species and vice versa.
On the other hand, assuming that only a short time span has occurred between the present and the last isolation of the refugia and that equilibrium has not generally been reached, I predict the following:
1. Similarly structured sites will be found to have the number of bird species inversely proportional to the distance from historical refugia.
2. The number of common and rare species on sites at various distances from refugia will be found to vary in a distinct pattern. Sites in or close to refugia will be found to have the greatest number of rare species and the fewest number of common species. Sites far from refugia will be found to have the greatest number of common species and the fewest number of rare species (MacArthur 1972) .
The presence of many complicating factors, such as weather and resource base differences, partial congeneric replacements, and differential influences of non-avian members of the community, as well as the question of equilibrium, make still ano' ther set of predictions concerning the relation of foliage structure and the bird community desirable, especially if they can eliminate the necessity of making any assumptions about equilibrium. By looking at the relation and influence of the foliage structure on the distribution of bird biomass, the number of individuals, and the use of certain foraging strategies without regard to species, the following set of predictions can be made (with the one assumption that any forest site will be sustaining the maximum possible total number of individuals and biomass) :
1. Foliage type and density at different vertical intervals will be found to be major determinants of the foraging technique used by birds in each vertical interval.
2. Foraging technique together with foliage density will be found to determine optimum size of birds as well as total biomass supported in each vertical interval.
3. The biomass of non-avian potential competitors will be found inversely proportional to the biomass of birds in corresponding vertical intervals of similarly structured sites.
If the foliage structure does influence important aspects of the bird community, such as amount and distribution of total biomass, and size and foraging technique of individuals, bird communities in areas with similar foliage complexity and structure will be found to have many similar attributes. Using these predictions and testing for similarities on different sites, I will attempt to determine the relation between foliage complexity and the structure of the bird community inhabiting primary lowland forest in Amazonian South America. I will generalize about the hypothesis that foliage complexity is a major determinant of the number of ecological roles or niches available to the birds, which in turn affects the ecological diversity of the bird community. Ecological diversity will be largely interpreted not in terms of species and taxonomic diversity but in terms of adaptive morphology and foraging techniques of individuals and biomass. Only seven foliage column types were common enough to make any significant contribution to the structure of the forest on the plots.
METHODS
To obtain quantitative measure of these subjective divisions of the forest, I used the MacArthur and Horn ( October 1972 for Bolivia). Qualitative seasonal differences were evident in the number of leaves accumulated on the ground on the Peru and Bolivia plots and undoubtedly the foliage profiles for Bolivia and Peru were somewhat different during the wet season. That the foliage profiles were so similar in the dry season when the greatest difference would be expected suggests that in the wet season when the climate was very similar on all three plots, the profiles would be even more similar.
Foliage profile measurements at different seasons should be made to quantify seasonal differences, but I suspect that these differences on my study plots are too subtle to be detected by the MacArthur-Horn method of foliage profile measurement. The similarity of these plots, however, should not be taken as an indication that the entire Amazon Basin has the same or even similar foliage profile. I had chosen the plots carefully to yield profiles as similar as possible. In general though, each of the plots was representative of the general forest surrounding it.
Why such similarly structured foliage should be available among the three plots with such differences in total rainfall is puzzling. Although epiphytes were somewhat more obvious on the Ecuador plot, the number of most plant types such as palms was similar from plot to plot. In the long range cyclic changes of Amazonian weather patterns (Haffer 1969) the forests may be able to maintain themselves longer than ex- Evidently the foliage, especially of dense primary forest, can effectively modify the local climate so that gradual changes in the regional &mate do not affect forest structure immediately.
When these forests are disturbed, however, by extensive tree falls, fires, cutting, and the like, the change in general climate may not permit the forest to proceed through the former successional seres so that a forest similar to the one previously present cannot be reestablished.
RESULTS

TESTING EQUILIBRIUM PREDICTIONS
The first set of predictions I made assumed an equilibrium of species on these three plots. If this is true, then according to MacArthur and MacArthur ( 1961)) Recher ( 1969), Karr ( 1971)) and others, the similarity in the foliage complexity (as measured) should provide approximately the same number of ecological roles or niches on each plot, and accordingly, the number of bird species should be similar from plot to plot. This is not the case, however, as the Ecuador plot had 3fiany more species than the others (fig. 5). If these plots are truly at equilibrium, the difference in number of bird species might be offset by non-avian potential competitors. As will be discussed in more detail in a later section, monkeys appear to be the most obvious non-avian group to have a potential competitive influence on the number of bird species. Plots with the smallest number of bird species should have the greatest monkey population and vice versa. Table 1 indicates that this prediction is not valid. Indeed, the opposite is true; there is a direct rather than an inverse correlation between numbers of monkeys and bird species.
Therefore, in terms of predictions from foliage profiles and presence of potential competitors, these three plots are not all at equilibrium. If this is the case, then differences in BSD on the plots could be the result of either local physical differences, historical differences, or a combination of both. The ambiguity of these conclusions makes an alternate set of predictions necessary. (table 2) . Perhaps a difference in the insect and fruit resource permanently above a threshold value had an influence at least partially independent of foliage structure and "normal" processes of equilibration. The dense foliage will both reduce their ability to see flying insects at a sufficient distance and interfere with pursuit flights. The requirements for maneuverability will also limit the size of salliers. Too large a size would make it difficult to change direction rapidly, but too small a size would make a large proportion of the larger insects unavailable. Birds that move through the foliage, gleaning insects from leaves, will be most limited to areas that offer sufficient return in energy for the constant drain on energy this strategy of searching entails. Open areas with few leaves offer reduced insect densities. One would expect gleaners to forage in moderate to dense foliage where large size would be disadvantageous both because of hindrance to mobility and perching on the small twigs common in this type foliage.
Birds that use the strategy of flying out from perches and snatching insects from leaves need fairly dense foliage so that they will see and capture prey often enough to maintain a positive energy balance. Because of the nature of the leaf substrate and the chance that most insects moving on a leaf within the observational and effective flight range of the bird will be small, together with the advantage of maneuverability in dense foliage, there should be selection for small size. This strategy, while enabling them to use insects that are often too Several southern migrants on the Peru plot sallied in the upper canopy and emergents throughout the day. These migrants and resident species such as Sirystes sibilator were the major fuII-time salhers. They foraged where the light intensity was uniformly high all day long. Thumnomarw caesius is an example of another full-time sallier that operated in uniform light intensity but in the shady portions of the lower strata. Perhaps because these areas of uniform shade all day were relatively uncommon, very few other fulltime salliers operated in the lower strata. Ecuador, however, with the greatest cloud cover all year-round of the three plots, supported two species of Thamnomanes, both of which were common salliers in the lower strata. Peru had one very rare species of Thamnomanes and Bolivia had no species that regularly sallied in the lower strata.
Among the many influences that foliage structure exerts on the morphology and behavior of foraging birds, size appears to be especially important. Fig. 6 summarizes the weight class distribution of all individuals using each of seven foraging strategies on the Ecuador plot. Except for the hovering guild that includes only hummingbirds, each of these foraging strategies includes many species of different families. Gleaners feeding on small branches and outer leaves are, as expected, small to medium sized. The salliers are mostly confined to a narrow range of weights between 18-40 g. The larger-sized group of salliers is composed of Monasa spp. that also occasionally snatch lizards from ground and trees.
The snatchers tend to fall into three groupings of body size. Only the smallest individuals (S-20 g) follow the expectation, and only the smallest individuals forage on smaI1 prey from leaves in dense foliage. Larger birds, such as trogons and fruitcrows, also use this method of foraging, but by using fruit as an ahernate food source, they are able to avoid the necessities and disadvantages of small size. These large snatchers can energetically afford to ignore small prey and wait longer for a large prey to move. This latitude in choice of prey size and type releases them from the necessity of foraging in dense foliage and from selection for small body size. The medium-sized snatchers like puffbirds and motmots also fail to follow the prediction for small body size. These birds, however, feed to a great degree by dropping from their perch and snatching prey from the ground or large branches and trunks. Because of the stable nature of these substrates, more larger prey are present than on leaves. Members of the pecking and probing guild are made up mainly of a narrow size class from 40-70 g; too large a size eliminates the availability of many medium and small branches and trunks, while too small a size reduces the leverage and physical ability to pry out prey from bark and crevices. Ant-followers are concentrated in size between 25-50 g. This size range is likely an evolutionary response to size and types of insects frightened up by the army ants. Also, a small ant-follower would probably be too low in the dominance hierarchy to regularly capture sufficient food (E. 0. Willis, pers. comm.).
The weights of the fruit-eating individuals are bimodally distributed. The small-sized individuals are mainly the manakins that hover for the small fruits typical of the dense lower strata; the large-sized individuals are made up mainly of pigeons, parrots, and toucans, all of which feed principally in the canopy. Large size may be advantageous for longer and faster flights by the individuals that feed on fruits in the canopy and are constantly searching for the often distantly-spaced fruiting trees. In addition, exposure to predation may be higher in the upper strata. Large size would reduce the number of potential predators by eliminating the danger from all but the largest predators.
Ecological diversity. If the effect of foliage structure on foraging technique is consistent, then similar foliage complexities should have a similar composition of foraging techniques represented. If each plot is sustaining the maximum number of individuals possible, then the proportion of foraging individuals, regardless of species, using each of the nine major combinations of foraging techniques or guilds should be similar from plot to plot. The only category that might be expected to differ significantly is the fruit-eating guild. With the greater number of monkeys on the Ecuador and Peru plots and the greater chance for negative interactions associated with the increased numbers, the proportion of fruiteating birds should be inversely correlated with monkey population size. Table 3 lists for each plot the number and percent observations of the individuals within each of the nine foraging guilds. The similarity from plot to plot of percent distribution within each guild is striking. The most apparent differences are in the percent of fruit-eating and insect-gleaning individuals as anticipated. These differences, however, may be greater than can be attributed to differential monkey populations. A concentrated fruiting season, which coincided with my observation periods on both the Peru and Bolivia plots, probably explains part of the greater number of fruiteating birds on these two plots. Not only do many typically insect-gleaning individuals temporarily switch a part of their foraging to fruits, but several species of parrots and aracaris moved into the Peru and Bolivia plots in large numbers, mainly from mountains west of the plots. Conservative adjustment to allow for these fruit-eating migrants (15% of all fruit-eating individuals on the Peru plot and 25% on the Bolivia plot) brings the percent of individuals in the fruit-eating category on each plot to values that reflect more accurately the presence of different numbers of monkeys on each plot.
As another test of the relation of foliage complexity to structure of the bird community, I predicted that with similar vertical foliage structure and similar proportion of individuals One possible explanation for the differences is that the presence of large flocks of locally migrant fruit-eating species on the Bolivia plot raised the biomass above the level typical of the whole year. Recomputing the bird biomass for Bolivia excluding these migrants (principally Brotogeris cyanoptera), reduces the biomass of birds seen per hour of observation to 606 g, a value still considerably higher than that for Ecuador or Peru.
Another possibility is that these three plots have different primary productivities and can thus support different amounts of bird biomass. I did not measure primary productivity and cannot test this prediction. However, if productivity is correlated with total precipitation ( Holdridge 1967), the Ecuador plot and not the Bolivia plot should have the highest productivity and thus support the greatest biomass.
An alternate hypothesis is that the birds on some plots have more significant competition for resources from non-avian members of the community. The influence of more distantly related organisms like bats, fruit-and insecteating monkeys, as well as insectivorous lizards and arthropods must be included in any complete exploration of competitive pressure. I frequently watched birds (Phaethornis spp., Threnetes leucurus, Pipra fasciicauda) snatching insects from spider webs. With the myriad of webs present in the forest, spiders harvest a large supply of resource that would otherwise be available to the birds (Young 1971a). In addition, large (15 cm long) pseudostigmatid damselflies frequently snatched captured insects from webs and give further evidence of potentially significant competition. This potential can extend to the plant kingdom. Entomophagous fungi that attack many types of insects were common at some seasons and undoubtedly deprived birds of a considerable proportion of insects (Evans 1974). Differences in the effect of interclass and interphyletic competition between the plots may in part explain the discrepancies in bird species composition and numbers.
The influence of insects was difficult to measure, but there are reasons for believing that their competitive effect was similar on all plots. Predatory insects are most common when insect prey are common and rare when insect prey are rare. In addition, the predatory insects are potential prey for the birds as well as being competitors. Lizards were not common on any of the plots and most of those present rarely occurred above the ground level. Bats were not accurately censused, and thus the mammals most likely to have a measurable effect on the bird communities were the monkeys. If the sum of foraging biomass of monkeys, many of which eat both insects and fruits, combined with the bird biomass was similar on each of the plots, the influence of interclass competition could be inferred. I do not have weights for the different species and age classes of monkeys seen on the plots and must use a more indirect test. Table 1 The combination of monkey and bird biomass, however, does not explain why the total biomass was least for the Peru plot. The bird biomass in the upper strata is as expected; the difference in total biomass between Peru and the other two plots lies mainly in the lower strata. An additional factor in the form of major differences in seasonality and resource availability was apparently important in determining the overall carrying capacity of the plots. Peru, with the most extreme seasonality and a large monkey population, would be expected to have the least total bird biomass. In general, it appears that a certain biomass of monkeys will offset a certain biomass of birds even though no effect can be detected at the level of species richness.
DISCUSSION
Complexity of foliage structure in the form of specific combination of substrate types, dense and open areas, etc., makes predictable evolutionary demands on birds that are successfully to use the foliage as refuge, substrate, and energy supply. Parts of the foliage will have different energy potential to offer the birds, and thus not all portions of the foliage can support equivalent bird biomass per unit volume. With the foliage structure playing a major role in both the total bird biomass supported and its distribution as well as the size and foraging techniques of individuals making up this biomass in different parts of the foliage, it is not surprising that bird communities in these three areas with similar foliage complexity and structure have some similar attributes.
In addition to these similarities, however, are some obvious differences. Total biomass differences can be partially explained by nonavian competitors, but these differences affect only part of the bird community. General differences in both total number of bird species and individuals (Ecuador = 9.9 individuals per hour of observation, Peru = 6.7, and Bolivia = 9.1) are obvious on each plot. As mentioned previously, a major factor that must be considered in this analysis is the series of drastic environmental changes during the recent geological history of the Amazon Basin (Haffer 1969, Vanzolini 1973) . The isolated forest refuges during the dry periods were apparently loci for speciation. Upon reconnection of the refuges and resultant interactions between individuals of bird species that had never encountered one another before, some species easily extended their ranges, while others merely managed to maintain themselves in their original refugium, and others were doubtlessly eliminated from all or part of their range.
Simberloff and Wilson (1969) have shown that being in an area first can be competitively advantageous. With this advantage added to the evolutionary restrictions imposed by the structure of the foliage on the ultimate character of the bird community compositions, the general dissimilarity of numbers of bird species and individuals between plots is more easily understood. Each vertical stratum of foliage has a maximum carrying capacity for birds. If the first species into that stratum are at one extreme or the other of an appropriate size range and foraging technique, they will exert a definite influence on the size of the successive birds that will accumulate until the total biomass allocation for the stratum is reached.
If monkey species are present early, they will likely have a similar influence on the late-arriving bird species and also affect any equilibrium that takes only birds into account.
